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Claims 

1. A method for the removal of membrane contaminants, characterized in that, in 
removing contaminants adhered to a permeable membrane, in a process of passing a solution 
containing organic and inorganic matter through the permeable membrane under pressure and 
separating the residual solution at the membrane top surface and the permeated solution on the 
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membrane bottom surface, the pressure exerted on the membrane surface is essentially released 
to keep the membrane immersed for a certain period, the membrane surface is contacted with an 
enzyme agent or enzyme-containing detergent or enzyme and detergent. 

2. The method for the removal of membrane contaminants described in Claim 1, wherein 
the membrane surface is cleaned with a solution mixed with a gas during or before keeping the 
membrane immersed for a certain period of time. 

3. The method for the removal of membrane contaminants described in Claim 1 or 2, 
wherein the membrane is kept immersed for at least 1 h. 

Detailed explanation of the invention 

The present invention concerns a method for the removal of contaminants that adhere to 
the membrane surface in the process of passing a liquid containing organic and inorganic matter 
through a permeable membrane under pressure then separating the residual liquid on the 
membrane top surface and the permeated liquid on the membrane bottom surface. 

The technology of separating insoluble matter and soluble matter using a permeable 
membrane has been used for a long time. Recently, membranes used in such technology have 
been synthesized artificially, and a relatively wide range of membrane permeation has become 
available. This technology has shown the possibility of application in environmental pollution 
problems. According to this technology, in addition to insoluble matter in liquids, depending on 
the membrane properties, separation of dissolved matter such as organic and inorganic matter 
ranging in size from molecules to ions has become possible, making application of this 
technology in various purposes possible. However, in separating soluble and insoluble matter, 
contamination of the membrane is unavoidable, and handling this has become a very important 
task. In treating organic matter, especially colloidal organic matter, even with loose membranes, 
membrane contamination occurs readily. In the case of tight membranes, inorganic contaminants 
are deposited on the membrane surface. Such membrane contaminants lower the permeation rate 
of the membrane, leading to reduced efficiency in removing soluble matter and degradation of 
the membrane itself. Countermeasures for this include coagulation, precipitation and filtration in 
advance to remove organic and inorganic insoluble matter that are contamination sources; 
removal of soluble organic matter by adsorption and decomposition, especially colloidal organic 
matter by adsorption on activated carbon, ozone oxidation, chlorine oxidation, light treatment, 
etc. Still, membrane contamination cannot be avoided. Especially, since soluble inorganic matter 
and stable organic matter are not removed, as far as concentration is done by the membranes, 
membrane contamination cannot be avoided. 

Membrane contamination reduces water permeation through the membrane and also the 
efficiency of removing solutes, thus membranes have to be cleaned. Tubular and flat membrane 
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modules are often flushed with water to achieve good cleaning efficiency, while the cleaning 
efficiency is poor in the case of hollow fibers and spiral membrane modules, because of their 
morphology. In addition to such physical cleaning, chemical cleaning, such as cleaning with 
enzymatic detergents, can be used to remove organic acids such as citric acid, etc., chelating 
agents such as EDTA, etc. However, they are not effective for membranes contaminated by 

colloidal organic matter. 

It is an object of the present invention to remove especially difficult colloidal organic 
matter effectively and also inorganic contaminants with effective restoration of the membrane 
performance. 

The present invention is characterized in that, in removing contaminants adhered to a 
permeable membrane in a process of passing a solution containing organic and inorganic matter 
through the permeable membrane under pressure and separating the residual solution on the 
membrane top surface and the permeated solution on the membrane bottom surface, the pressure 
exerted on the membrane surface is essentially released to keep the membrane immersed for a 
certain period, the membrane surface is contacted with an enzyme agent or enzyme-containing 
detergent, or enzyme and detergent and further characterized in that the membrane surface is 
cleaned with a solution mixed with a gas during or before keeping the membrane immersed for a 
certain period of time. 

In the present invention, the liquid in which the membrane is to be immersed for a certain 
period may be the liquid remaining on the membrane top surface in the membrane treatment, or 
soft water which may contain surfactant or surfactant-containing detergent at the highest 
temperature without damaging the membrane properties. The immersion time should be at least 
1 h. The membrane may be immersed in a nonflowing or flowing liquid. 

Next, the membrane surface is cleaned with enzyme agents, enzyme-containing 
detergents or cleaners containing enzyme and detergent. The enzyme may be a protease or 
pepsinase which hydrolyzes proteins, amylase which hydrolyzes sugars, cellulose, lipase which 
hydrolyzes lipids, etc. While the liquid temperature is preferably as high as possible without 
damaging the membrane, the temperature should be determined taking the enzyme activity and 
membrane heat resistance into account. The liquid property has to be in a certain range with 
respect to the enzyme agent and should be controlled according to the acid and alkali resistance 
of the membrane. The chemicals used for such control may be alkalis such as soda lime, potash, 
sodium hydroxide, potassium hydroxide, ammonia water, etc. and acids such as organic acids, 
mineral acids, etc. The detergents may be commercially available household detergents and other 
detergents and also enzyme-containing detergents. Such detergents can be used as solutions, and 
in obtaining such solutions, the detergents may be dissolved in the immersion solutions for the 
membrane. In using such detergent solutions, the membrane top surface is allowed to stand in 
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contact with the detergent solution for a long period of time, then the solution is allowed to flow 
over the membrane surface under a low pressure, or flow washing alone may be used. In the case 
of cleaning the membrane surface with a nonflowing cleaning solution, the cleaning time is from 
several hours to 10 h, and the flow cleaning time is from several hours to 10 h. Depending on the 
degree of contamination, cleaning for about 30 min results in sufficient restoration of membrane 
performance. 

According to the present invention, in removing the membrane contaminants, first, the 
membrane surface is kept immersed without any added pressure for a certain period of time, 
while cleaning is done with gas-liquid mixture, followed by cleaning the membrane surface by 
contacting with enzyme agents or enzyme-containing detergents, or cleaning agents combining 
enzymes and detergents for effective removal of colloidal organic contaminants as well as 
inorganic contaminants with efficient restoration of membrane performance. 

Next, the present invention is explained with examples. 

Application Example 1 

Sewer water from secondary treatment was sand-filtered, treated with activated carbon 
and passed through a tubular reverse osmosis cell under a pressure of 21 kgf/cm 2 at 25-27°C. 
After 2000 h of operation with a 5-fold volume concentration, the residual concentrate at the 
membrane top surface was forced out with soft water. The membrane top surface was allowed to 
stand in contact with soft water for 3.5 h then cleaned in a 3-h circulation with flowing enzyme 
detergent, 2 g/L alcozyme solution (pH 7.21/27°C, citric acid) at 33-34°C, under a pressure of 
0.2 kgf/cm 2 and at a flow rate of 0.5-1 m/sec. 

To determine the membrane performance, the original water used in the operation was 
passed through the same reverse osmosis cell at 25°C under a pressure of 21 kgf/cm 2 , and the 
membrane properties were examined by permeate and electric conductivity, with the permeate 
being an index based on 100 before the start of operation (same in other examples): 

Before operation: 100 

After 2000 h of operation 89 

After cleaned by the invention 100 

Application Example 2 

After passing through a tubular reverse osmosis cell for 2000 h under the conditions of 
Application Example 1, the residual solution on the membrane top surface was expelled with soft 
water, then air was passed through the cell at a rate of 25 L/min together with 1.5 L-min of soft 
water for 2 min, during which the system inner pressure was 0-0.3 kgf/cm 2 . Then, the air and soft 
water were stopped at the same time. The system pressure was suddenly dropped to 0 kgf/cm 
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and kept there for about 15 sec, then only soft water was passed at 0-0.3 kgf/cm for 2 min. This 

cycle was repeated 5 times. 

Next, alcozyme was added to soft water to obtain a 2 g/L alcozyme solution (pH: 
7.47/28°C, citric acid) which was used for cleaning similarly as in Application Example 1. 
Results are given below. 

Permeate Salt removal 
Before start of operation 100 50.2% 

After 2000 h of operation 86 47% 

After cleaning by the invention 100 49.7% 

The enzymatic detergent Biz can also be used with similar results as with the alcozyme. 
Enzyme agents mixed with commercially available synthetic detergents also give similar results. 
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